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'l'l'ﬂ MP[.RLTION OF S(ﬁﬂ& COUPOUNN Fm TESTI!D :.S IPEMT RﬂPEILEM‘S
Semce D:Lrectives CWB~32 and 80e6 o

mdorsemnt (1) Dr. Joaeph Dec—, Technical I.ida, m.viuion 9 to Dr. u.lter
R. Kirner, Chief, Division 8., 5 .o oo T .

l"ornardtn,, report and notings . e e e L

"Raported herein is the submittal of 651 organic compounds mix~
tures and creams for testing as insect repellents.. The.roport.
includes directions for »ruparation of these materials, their ine
gsoct repellency testing data and a discussion of the relationship
of chemical structure and nhysical proportias 'to inscct rencllont
" effectiveness. .. P :

" aong the promising candidatc insect repellents testod aftor
application to skin 0=8133, O=6154, 0-6168, 0=6216, 0-65230 and
0-6252 have "passed" acute toxicity tests and have becn submitted
for 90-day subacutec toxicity studies. 0-6109, 0-6152, 0-6217,
0-6226, 0-6254 and 0=6263 huve "nassed" (som: *with rcsg.rmtions)
acutc toncity tasts but have not been submitied for 90-day sube
acutc toxicity studics, 0-6210, 0-6316, 0-6319, 0-6358, 0-6397,
0-6484, 0-6498, 0=6500 and 0=-8503 have been submitted for acute
toxicity tests, still to bc couplcted. Scventy-one othcr compounds
whose avorage rapellency times ranged from 181 to 352 minutes agzainst
aedes acgypti worc not subnittcd for acute toxicity testse J[mong
the compounds tcsted after impregnation in cloth fourtecn Tiore re=
pellent against Ae acgymti morc than toen dars,.

"Then the NDRC, Division 9 program on the preparation of candi-
datc inscct repellents vas torrinated shortly after the cnd of
the var with Japan ins.ct rencllency data from the field and
further toxicity data wero nccded to evaluate adequatel;” the
promising candidatc insect rénellents proparcd under this con=
tract. Toxicity studics arc being made. .dditional quantitics
of somo of the promising compounds iwould have to be hreopercd for
repellency tests in the fi0ld and toxiecity studies.

#The insecct repelloency data werc obtained by the U, S. Dopart=
ment of igriculture, Burcau of Entomology and Plant Quarantine,
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Division of Insects /[ffocting linn and /nimals at Orlando, Florida.
The irritancy and toxicity data viere obtained b; the Food and Drug
sdministration, Division of Pharmocology in T.‘as!ﬂ.ncton, D. C. and
arc presented in detail in thoir reports.

"Tho studics described in this report wore part of a NDRC, Division
8 program (OSRD Formal Reports No. 5285, 6367, 6368, 6369, 6370,
and 6371) to find insect ronollents more effective than the 6-R-2
mixture used by the ‘omcd Servicese The insect repollency data in
the aforomentiomd reports cnd other insect repncllency data are
given in recports by tho Bureau of Entomology and Plant Quarantine
and the Naval liedical Resecrch Instituteo® ,

(2) frou Dr. Waltor R, Kirncr, Chicf, Division 9 to Dr. Irvin
Btewart, Executive Sccrotary of tho National Defense Research Committecs

Formrdi.ng report with approvale

This is a final roport under Contract 9-494 Omsr-150!r with tho Ihiveraity

of Ihryhnd.
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SUMMARY ) N

l. As of Ootober, 1945, 631 oompounds, mixtures and ocreams were
submitted as oandidate repellents. More than 600 of these were individual
compounds. Of this number 109 were repellents; these compounds passed the
minimum requirements (180 minutes to the first bite vs. Aedes or 120 minutes
vs. Anorheles or 10 days to the first bite vs. Aedes in oloth tests).

2« Our results have led to the conclusion thet in seleoting a
candidate repellent consideration should be given to boiling poinf, and .
funotionality. In general a candidate should have a boiling point in the
range of 90-130°/0.5 mm. and should be polyfunotional, In one group, ohoaen
with regard to these oriteria, 545 of the candidates submitted were repellent.

3. It would appear that the limiting faotor to repellent time is the
rate of absorption of the repellent by the skin rather than the volatility
or ohemioal struoture of the repellent. Absorption thus seems to set an ypper
limit of about 400 minutes on repcllent time.
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. - -INTRCDUCTION . .~

The work on this project, directed toward the development of a
satisfactory mosquito repellent, was begun im June, 1944« The ideal
repellent as defined by the Amy was to be odorless, or have a mild odor,
have no undesirable oharasteristios om application to the skin, be non-
toxic and be repellent to all species of mosquitoes for at least twelve
hourse At the time that our work begen a large number of individual
chemicals end industrial products had béen tested for inswot repellency at
Urlando, Florida. These results were. compiled and arranged aecording to
chemicul groups and served as a basis for future works The Army had in
ourrent use a repellemnt, 622, which was effective for about two hours.

The first procedure adopted in the selection of candidate
repellents, for leok of a theory relating struoture to repellenoy, was the
preparation of homologs and.mnalogs of compounds which hdd indidated
repellent properties. The second procedure was the selection and prepa-
ration of compounds for which there were-no precedents, this- procedure
being a random search for suggestions for future werk. The results of all
cooperating luborateries were made ocurrently available through thé medium
of a card index distributed by a coordination center. On the basis of.
aodumuleted data certain chemical and physical prerequisites of a repellent
were developed and were used in the later selection of candidutes, A list
of proposcd candidates was submitted befere preparuation to the coordination
center to avoid duplication in preparation.

Compounds selected as oandidates were prepared in amounts of 3C g.
each for preliminary tests for irritancy-and repellenoy. Five grum samples
were submitted, after Ootobory 1944, to the Pure Food und Drug Administrution
in Washington for preliminery irritency tests. Simultaneously 25 ge samples
were sent to Dr. Enipling at Orlando, Florida for repellenoy tests. Compounds
which were of interest were reguested in amounts of 500 ge for amcute toxieity
tosts end further repellency tests. - Those compounds which werv relutively
non-toxie and still were of interest because of their repsllenoy valuvs were
then requusted in amounts of 4 1. Three liters was subtmitted for chronio
toxicity tests and one liter for further repellency testing at Florida and
overscase. . . . . Lt

Since our primary objeotive was the preraration of.large numbers -
of compounds in en effort to survey rapidly the typus of chemicul compounds,
no uttempt wes made-to charaoteurize completely the compounds prepared or to-
investigate reactions or products which would have boun of interest in a
classical approachs The compounds submitted wer¢ prepured in e staute of
purity usuaelly better than 954 aend charaoterized sufficiently te estublish
their identity. In cases where the product wus of ocontinued intorest wnd its
identity or purity wes in doubt, further work wes carried out to fully
esteblish its identity and purity.

Inesmuch us our laborutory was eyui;ped for chemicul synthesis, we
often cooperated with ethur investigators by preparing yuuntities of chemiocals
for their necds.

An attempt has becn made to use the latest Chemicul Abstruct numes
in thy naming of compounds throughout this report.

RESTRLCT:D
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STATUS OF STUDLES

It is the purposc of thils section to outline the state of our work
at the time of contract termination and to indicate where further work muy
be desirable. A 1list has becn prepared of all compounds submitted for acute
toxicity studies and their status indicated by P = passed, C = caution or
NP = not’ passed. At the timg the renort was in progress data were not
available for all ‘these compounds, A simil.r 1ist has been prepared of the
six comnounds prepared in amounts of 4 1. =nd submitted for chronic toxicity
studies; no data have becn received for these compounds. All those compouncls
vhich scemed to warrant further consideration on the basis of acute toxicity
and rencllency data have been submitted for chronic toxicity studies. Of
those comjounds subuitted for ccute toxicity on vwhich no data arc as yet
avallable, the following three compounds would be of particular interest if
the toxicity testing data arc favorables

6316 1, 6-Hcmcdiol " diacotate (if further tests aoainst Anonhelcs
substantiate the DUP r~tio of 2.6)

6498 Cyeclohexanccarboxylic acid, l-hydroxr-, 2-butoxycthyl oster
6503 Ethanol, l-phenyl=2enronaxy=
Of the many.compounds vhich were repollent but werc not submitted for further

testing, the following two arc decmed of speeial intercst to be proporcd for
acutc toxicity studiess .

6526  1,2-Ethancdiol, l-phicnyle, 2-propionate

6135 Caprylic anhydridc R

In conncction with this rcvicw of the current status of our work,
it moy e of interest to list the laborzatorics idth vitich we have co-
opcrated so that a complete file of the data relating to our compounds can
cventunlly be preparcds

Toble I
Groups Recciving Samples Directly

Dr. Coplcy, Norwich Pharmacal Coe., Norvich, H. Y.

Dr., laller, Bur. of Entomolosy cnd Plant Quarantine, Beltsville, lid.
Dr. Knipling, Bur. of Entomology ond Plant Quarantine, Orlando, Florida
Dr, Parkoer, Rocky Mountain ILaboratory, Hamilton, Montana .

It. Pijoan, Nav:l Mocdical Rescurch Institute, Bethesdz, Md.

Dr. Smith, Food 2nd Drug Administrition, Vlashington, D. C.

Dr. Spruyt, National Academy Rescareh Council, '!"s}.in,_,ton, D. C,.

Dr. Yenrcer, Comaiitice on Inter ‘American Affnr.,, Washington, D. C.

Further work on cw enndidate repellents is indicated from our
results, hHowever the scope of such work is too grent to be discusscd in the
present report, wud could morc profitably be donc by thi group contcmplating
a2 continuntion of the progran.

" RLSTRICTED
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Table II

Compounds Submitted for Acute Toxicity Studies

Orlando
Number Neame Status

6152 Butyric aoid, 3-phenylpropyl ester

- o oo
caer s mamet S W momemws e

6265 'w"l;g;ééht;hediol. diacetate

6154 1,5<Fentanediol, diprop;opate:

6316 1.6THex9n9dio}, d;agetgte_ﬂ_g

6319 1.6-Hex;Aediol. diprop?og#te..

6109 Furoio eoid, furfuryl ester

6230 Acutoacetic acid, Pyologgxxl ester .

6254 1,3=Cyclchexenediol, monopropionate

6500 Cyo lopentanecarboxylic acid, l-hydroxy=-, 2-butoxyethyl ester
6133 Cyo lohexaneoarboxylic acid, l-hydroxy-, cycloperntyl estur P
6493 Cyclohexanecarboxylic acid, l=hydroxy=-, 2-butoxyethyl ester
6226 Cyec lohexancvacetic acid, l-hydroxy=-, butyl ester

6220 Hydracrylic a&id. E;-phenyl-, methyl ester

6216 Hydraerylic acid, f@-rhenyl=, ethyl ester

6217 Hydraerylic acid, ﬂ;-phenyl-. isopropyl ester

6503 Ethanol, l=-phenyl=-p=-propoxy-

6210 6-Dodecanone, 7-hydroxy

61638 Succinaemic @cid, N,N-diethyl=-, propyl ester

6252 Succinamic aoid, N,N-dipropyl=-, ethyl ester

6353 Glutaremic acid, N,N-diisoprupyl=-, ethyl ester

6397 Glutaramic scid, ¥,N-diisopropyl=-, propyl ester

6484 Adipemic acid, N,N-diisopropyl-, mcthyl ester

AESTRICTED
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Teble III

Compounds Submitted for Chronio Toxicity Studies

Orlendo ) , L
Numbe r Nane

6154 1,5-Pentanediol, dipropionate

6230 Acetoacetio aoid, oyolohexyl ester

6133 Cyolohexaneoarbo#&lio aoid, l-hydroxy, oyclspentyl ester
6216 Hydraorylio apid, ﬂ3-pheny1-. ethyl cster -

6168 Sucoinamio aoid, N,N=-diethyl-, propyl ester

6252 Suocinamio acid, N,N-dipropyle, ethyl ester

HESTRICTED
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FELATICNSEIP CF ChEmIfﬂL STF ICTUFE EAD PhYSICrL FEO:LRTIES

TO IhstT PETLLLLTCY 2
5 3 S N S s

.,veryone who has partioipated in the work direotcd toward tne -
developuent of a repellent heas immeaiateiy noticed sofie u; perent correlqt1on
between a physieal or. chomical propcrty and repbllonoy. In eeneral hojuver,
trese sarly relationships did nét scem to be adequate. numerous eerftions
were rapldly evidént, until finully theé proposéd relationshi; was ubtundoned.
It huas:bien our &xperichee-"that the only fertile epproach was & statisticul
one énd that'ceértiin reletlonships whén applledito the s;l»ction of
oandidute repslleats would consistantly result-in obtulning & higher’
perccntabe of repellents, but at no tiue ﬂere t“e results ubsolate.

Sinoe dur-’ a;r.roaoh will be’ stat'istif'al in’ disoussins the I‘acto:s
wiieh we ‘believe are helpful in’choosing & oundidste; it will be” netcsshry
to oonsider the souroe ahd validity of -the rcpellent date and physical :
consturnts upon w‘zioh we base our oonc lusions.

Tre people Who have workcd‘with mosquitoas have continuqlly
cm;hasizad -the:wurlability of the deta -end tiie many factors wwich 'must te
ccnslder<d in stendardizing test ociditiens. Our own ‘obscrvitfons con=
ourning the fsotors affceting’ rulpllenoy dutu arc ‘oulled ‘from-tle *473
re;orts that we hove riocived -and from the lirge ‘amoust of ‘datd on
oompounis submitted for repellincy tests.:' .« would lixc to redord "t VSu
observations under.tirec groups, ¥ dotors affecting -tile mosyuito, f‘etorsr
affeoting the amount of 1epsllent on the arm, ~gnd finally veristions in
data =<8 <€ nuve rec:ivcd it.

h. ~

In notinb thetraotoxs affuctinb t € uosqhito, #e wish rercly to
st those :fuotors that we have béen madc aware of'by ruadinb'v‘rioqs ’
réports « ¢ The frequency ‘of tosting, the aoquired tolerunde of tre mosyuito
for tne repellent, -tic a.cy spcoles and weéd of the mouuulté. thne oonditions
of light or darkroess, tenxuratule wnd’ hu”ldlty. the “ypurgnt .ouSOﬂAtlu
variution, all thise -end no doubt oitHcy fuctors. ‘Anflucnoe the' rcsalts of
tests.  For. examplu, Delohg (sontXly Eufort Hd 9) rﬂyotts the uualint
result th-t ut 370 and 100% relative huﬁ1d1ty'ﬂosuuito s arc not attruet. d
by the huren und: trat attraction dcpends -upon & temperature and *umidit;
differentinl betwibn the sklh end the mtmosphure. Again, in support of
scusonul viriution, we hwve notfoud that during certuin months tic duty
reccived from ‘Orlando huvt bech uniformly lov ‘for all ecopuruting luboritoriic,
while at otrer times the perecntuge of ropcllent compournds 1s greutly
inercuascd.

Of tic fuotors .«ffcoting thc umourt and distribution’ of the -
rcpellont on tre urm, the individudl vari- tion of the tust subj.et is
imncdictely ajppur.nt. The cate of ‘Lllicﬂtion. rL{AIr d to insure wn over
distributior, of ropcll.ont, 4hersize of tre forierd, th'e ehount of huir
rresert are importint varistles. Tiv rate of ubsgorption (+hieh veri.s
with the irdividuwl,: the tempéruture, -~ieh influéircss the | Fute off }?rirh,rul
eirculation, tnd:the: type.of ti- co";ound t inL tht,d\ is rf.zs L S

§ o J A A : et
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most important frotor in the drecckdown of repollent materials. A study
has been made by the British (Sir ke Christorhers = British Ieport) of

the relation of surfaoce tension and of visoosity to repellenoy. Fepellenoy
did not seem to vdry in any reguler fashion with surface tensiom, but
visoosity was direotly related. %here appeared to be an optimum visoosity
whioh ‘would hold "orcep' to a minimum and yet mot prevent ready and
thorough spreading upon eprlioatiomn. "Creep? was responsible fer a
draining of the repellent with the formationm of bare areas and atterdent
varly breakdown. Volatility of the repellent did not aprear to be an
importert faotor influenoing the amount of repcllent exoept as the odor
affooted mosquitoess The testing of oandidates under sweating oonditians
and meohanioal rcmoval by oontast, olothes or rain also affect the smount
and distribution of repellent.

The data as reoeived from Orlando were of thrse typcs, results
on liguids tested dircotly om tle forearm and vxpressed in minutes,
results on solids and irritant 1li,uids tested on ootton hose worn on the
arm (tiese rosults exiressed in days), end so+eallsd jaired tests in whioh
the oompound is tested simulteneously with e sample of dimethyl phthalate
and tre results expresscd in minutes roported for boths These lust results
are oftsrn sxprossed as a "dimethyl phthalate ratio® where the value of
dimethyl rhthaelate forms the denominator. by oamvention liyuld oompounds
with rerellent times of more than 179 minutes against Aedes or 119 minutes
against Anopheles are oonsidered repellent while solids or irritunt liquids
tested on oloth with repellent times of 10 daeys or more ure termed
repsllunte In general paired tests are conduoted only with repellent
matertalse The walue of 10 days adopted for solids is roughly eyuivalent
to the valucs uscd for liguidse.

A third grour of ebservutions whioh indioute ti:e reliakility of

thke date is the varistion in the data as roportede Numerous oxamples may
be oited to show the genernl oonsistenoy of results und the vilidity of
using tinc date in an analysis. However to indioute the range of veriution
end to form a foundution to explein some &jparently anomolous rceults,
ezamples will be oited of apparent inoonsistecnoies in dates The first
tnd perhups a trivial oxemple is the ocourrovnog of errors in arithinctie
and trunsoription. Obvious errors ure those where tie meen values:recoorded
are outside of the limits of eithir extreme. It may b. well ta note at
this point that the duta cs riosived r.oords the numter of trials, the. '
rsnge in valucs, and the cverags velues LErrors in traunseription sare
conetim=8 mude evidant by duplicete rcports of duta, 4An exaillu-of day
t0 day variability, whiol oould lead to anomolics in arolysis is tro follow-
1n a Coe a . . o . .

g - T f‘.
Orlando O
Numb.r Original Fcsults Resubmitted sample Falrud Tests

6375 ' Acdes  2(95-135)11 b, 26 - b, 305/275
Anopi. 2(16'31)2Ii 4, &2 0 4 %61.

Tie underlined numbers ar¢ the averape valucs; the dcnominator ir ire oasc
of the raired tests is dimetayl phthalates An uxample of variubilit, on
sloth, where onc micht cxpiet soms of thc¢ variableus to be =limin.t.d, is - -
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phenexyacetio acid whioh in ane series of-tests averaged more then 20 days
and in a seoond series averaged zero daysy An fllustration of another
type Af variebility is the following example of & compound, repellent on
the arm, but ineffeotive om -0leth ~ a rather surpriung result,

Orlando skin . Cloth
Number Value Value

6251 : a. 18 . 0 days
S (5th bite)
It was hoped that the introduotion .of paired tests would leed to entirely
repreduoible ratios. Perhups the ohoioe of dimethyl phthalate as a
oomparison substanoe was unfortunate, but the results are no more
oomsistent than others. Here it will be observed that the ratio

-~

Orlando ‘ briginal ' Subsequent
umber _fepulty Jostp

5363 . hades uas/é'ls ® 1,61 ' ' 517//89 = 1,33
Anoph. 198/53 = 3. 71. 193/140 = 1.36

when Anophelea are used variel by a raotor of 2.7+ In oases where a ssrics
of oompounds arc submitted, the reoaloitrant member may be readily deteoted
and rosubmitted, but where only a fow or onec member of a 5roup is submitted,
its true value may bo overlooked. . . . 3

We have thus oonsidered in thrge groups some of the faotors which
influcnoce the velidity of repellent datas Of thcse faotors we believe that
the phecnomenon of ebsorption of the repellent by:the skin is the single
faostor most responsible for limiting repellent time. The question of
volatility arises and its role us « limiting, faotor. Comparative studics
have been made by Sulzberger (NRC = I+.CsCeRe Nos 113) on the: amount of
dimethyl phthalate rcooverable from the skin and fyom e pieoe of oloth
exposed to the same oonditions. of temperaturc and humiditye. The oloth
showed only slight loss in a matter of duys while the repellent was prescnt
to the extent of only 36% after five hours on the skine Compurable
yuantities wer: applied to skin and oloths A further e¢xample in point is
the obscrvation that further applications of repsllent, at intervuls
Freoeding breekdown of repellenoy, will extend the repellent time oon=-
siderably, These and similar results have lecd one investigator (Elishewitz~
private oommunjoution) to stute that all .*repellents" wure eyuwlly good,
the yuestion was how to kebp them on the skin, This lud to the development
of orcams and films design.d to retain the repellent., . For uxample
Sulgburger showed that an ointment oempoundcd with dimethyl phthalete .
retuined 907 of its content of repellent .in & five hour period under similar
oonditions tn those desoribed above. Although thesc orcums and films
materially inorcased repellent time they were nnplca.aunt to use und therefore
not practioable. 2

The above disoussion might logioally lead to the question' of what
kind of oompound should be uscd as a repcllents The first results indioated
that not all muterials were repesllent, in faot on a rundom basis only 3-10%
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of all materials submitted were repellent. From the above remarks one
might conclude that a high boiling, poorly absorbed oompound of medium
visocosity and low water aolubility would be the answeér. Our results and. ..
those of others however establish the faot that only compounds boiling
in a rather narrow range oen usually be repellent. This 1s a necessary
but not suffidient condition and ‘leads to the question of what struoture
Plays in determining repellenoy. .
At this point it may be well to. discuss the.yalidity of the
physical data reported whioh forms the basis for the oonolusion that
boiling point 1s an importent parameter in determining repellencys 1In
general the values designated in our report as boiling points were those
recorded during the distillation, attendant on purifféation; of materials
submitted as repellents. These distillations were cerried out in many
different types of colums under varied: oénditions, and the results
therefore are not striotly oompurable. Génerally, howeter, we believe . -
that the values would be correect to within 10° or less which is of
suffiolent aocoursoy for our purposes. The ideal set of values would have
been the vapor pressures us determined at 37°, but.this.determination was
not practiosbles We have chosen boiling points at O+5 mm, wherever
possible and sorreoted others, for purposes’ of comparison, to that value
using the apprcximate relutionship that boiling point decreases 10° for
eaoh halving of the pressure.

An analysis of all osters’ lubmitted up to Febru-ary. 191;5-wu
made (Appendix). ‘Of all suoh compounds submittéd, 9% were repellent.
By limiting the compounds to those having mblscular weights of -175-249 " -

the number of repellents rose to 16%, an inorease of 75%+ Ninety-two
percent of all repellent esters fell in this molecular welght range, which
is roughly equivalent to & boiling point range of’ similar extent, Early
in the program a statistical analysis of the compounds then tested was pre-
pered by Wadley (Summary Report, 11-20-44) who concluded with the :
observation, *it is-possible that eventually we oun define a certain’ runge
in the middle of a series;- and fimd: “sthat within it we have successful and
unsucocessful’ repellents; outside” of the range. only unsuccessful ones’™
Similerly, a list of compounds submitted us cundidate repellents by Orlando
(Jonaes, private oommunioution) was prefuced by the statemeht, "and bbiling:
points between 200 amd’ ‘300 . Several of our good repellents have =-===
boiling ‘points in this runge." ' Thtis neccessury condition wus thus early
rucognized by other workers. Expericnce with detu of homologbus and
anulogous serius has indicated that the inolusive range for boiling point
" is 80-1¥30%/0.5 mm. This, no doudbt, ocould be narrowed for individual -
serivs und. by more eccurate data. T illustrate this concludien we have -
included in Table IV a listing of ull repullent hydroxy-vsters und '
emide-esters. submitted ‘from this lab'oratory with their boiling points, *
oorrected in' some o uses, at 0.5 mms  Cerisidering ‘the extensive range ‘of"
boil:l:ng ‘point possible, the speeificity is qQuite striking. - Very few
repollont compounds lie outside of this ‘rafipe, however the conferse “is not
true. - %uny compounds whioh possess boiling points in this renge ure non=
repollent, and this faot gives rise to a eonsideration of structures One
further point that is of interest is the fact that each type of compound
when submitted as & homologous aeries ahows & repellent poak or plateau.
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Table IV

Hydroxy Esters Amide Faters
6103 . a8 _ : . 6166 100°
o . , 6163 100
€37 105 6172 99
6317 95 | : 63368 108
6387 191 . . 6246 125
6754 93 .- ' : 6323 1
6257 110 6252 101
A 91 . 6251 117
6526 111 6393
6145 96 6343
6499 - 89 - 6350
6551 ‘103 ' 6390
g5 e
6133 97 - 6336
650 93 o
6136 39 é373
6133 94 : . 635
6114 107 - - 6375
6608 113 ¢ . 6358
6uo5 9k o 6397 -
64,93 113 - . X EolL -
6596 105 ' oo : . o3y .
6201 ° 879/2.0 6310
6312

6225 93 ' . 6603

6226 101

6595 -  1lco : - . 6605
£2e0 208 o . 6461 ..
6220 112 : ;o 651k
6216 112° : : : d . ..66al
6218 119 ! ; 6563 -
6217 115 Co S ) o
6021 11» N . St 6465
6224 ¢ 105
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These maxima alWways fall in the boiling point range desoribed above, but,
in terms-of repellent time, all muxima are approximutely equal. . One might
interpret this result, and justifiably, s indicating that there is an '
erfeotive upper-1limit to repellent time, and while meny repellents are
still to be found none will exoeed previous repcllents in uotivity.
However, from other ficlds of application, one is oonst.ntly reminded of
the unIQue whioh disproves the rule, and hence, the stutement is merely
appended -as an obserVQtion summurizing ourrent results. ;

“.The relationship of ohemio.l struoture to repellenoy is the
remaining yuestfone Lere the answer is diffuse and complicated by the
fact that every 5roup has at least on¢ representative repellent. No
single structure or group of structurcs or any relutionship between groups -
has been shovn to be responsidble or essuntiul for repellent wotion, The
most successful approach has been to answer the yusstion = what grour or
groups are most likely to produce repellent aotivity.

A side issue would be an e¢ffeotive ocorrelution of ubsorption and
ochemioal struoture, but the data available wre not oonoclusive or even
suggestivee An intercsting oxperiment whioh pgives some indjoution of the
relative rutes of sbsorption is the reoording of repellent time to the
fifth and seventh bites. Notiocsable differences were observed whioh ocould
be attributed only to absorption since evaporation was not significant
during such a relutively short time intervale FPerhaps this mcthod could
be extended to obtuin date correlating absorption with ohemioal structure,

A oursory sx.-mination of the data arranged acoording to ochemioal
groups readily mukes apparent ocertain groups whioch sccm more promising.
It is obvious from suoh an examination that hydroourbons as a group are
non-repellent, us are simple monofunotional c¢sters. Similurly it would
appeur that waids, amides, and glycols among others are promising ficlds
for further offorte. An ecarly suggestion wes that compounds be prepured
which in themselves wers non-rupellent but would by oxidation or
hydrolysis liberatc slowly an aotive compound. Suoh suggestions led to
the preparation and testing of aldechydes, sinocc acids were offective} and
acetals of 1,2 end 1,3-glyools, since many such glycols were aotive., In
most ocascs where activity was observed, the aoctive material was the
the original substance and had a boiling point in the proper renges,

A oomplcto enswer to the yuestion at hand would be obtained only
by a systemio statistical survey of all oompounds submitted end a rovision
of suoch u survey at freoquent intervals. This was done in the case of
usters by Shenk (Appsndix), and a summery of his results indicates the
value of the mothode Having found that 90% of all repellent esters had a
moleoular wsight between 175-249 a ocomparison was made of repellent and
non-repellent csters in this moleoular weight rengee These estors wure '
ocompared edoording to the number of funotional groups prescnt, including
any eyolio strueturc as u funotional groups It is obscrved that 97X of
all repullent esters possess three or more funotional groups, while only
S4% of ell the u8turs ars trifunotionals Another compurison showed that
of the trifunotional esters 268 were repcllent, Thus by imposing funotione .
ality and molecular weight as parameters for repclleney the chanoes of
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obtaining e repcllent was inoreascd from 9% to 26%, an inorecase of 188%.
Only k7R of the difunotional compounds tried were repellente

A further comparison of trifunotional esters reveals the striking
effect of the hydroxyl group which increases the possibilities of obtaining
a repellent to 5641 the procedure extended to hydroxy-esters shows that
the oyoclo-groupr is also effective. These lest two oonolusions arv based
on a reletively small emount of data and hence the reliebility of the
rercentages is somewhat lower then those first reaohede On the basis of
these results a number of oyclo-hydroxy-esters of fproper bolling point have
been submitted, und 4t is interesting to note that about 52% of thesc wers
repellent. 4lthough this figure could obviously still be improved, the
figure doss ruyprescnt a considerable inorvase over the 9% originally obtained
for esters as a groupe

e believe thet this approsch will be eyually effeotive when
applicd to other groups. At this point we oome to the conclusion thut all
the faotors are not esvident. One explenation to which we may have recourse
18 to conocede powers of diforimination to the mosyuito, but of course this
does not answer the yuestion.

‘e conclude therefore that a compound to be repellent must have
& boiling point within & spsoified ranpe and prefurebly should be roly=
funotionals, “e huve algso shown that within thesc limits the prooess of
ebsorption appours to provide a limit to repecllent uwctivitye.

During the cours. of our work we huve empirically found scveral
groups of compounds which ylclded relatively larps numbers of repellents.
In addition to th¢ hydroxy-esters, plycol diesturs and umlde «sters were
investiguted rathur oxtensivelys Several of thu glycol diesters showd
reépolleney against anorheles und heneos were of int-reste As u roup
however they did not yleld a highk porountuge of succc8sful cundidutcs.

On the othcr hand the proparation of umide=csturs result.d in u high
percentuge of repollont candidutess Of the 76 amldu=cBt.rs profurcd, not
ineluding ursthuncs which arc e speciunl cuss, 42% Wwere repcllonte This
-number doss not considur the udded limitation of bolling point, a fauctor
which would definitcly inercvuss the pereentuge of repcllents. Forty-three
percunt of ull hydroxy oBters tusted were repollent whereus 524 of all

oyo lo=hydroxy=vsters w.re¢ sucosssful. Thus the vulidity of cur carlier
conclusions becomss aprparunte.

To furthsr umphusize these rvsults the figurcs obtained when
these ruleus ure ignored ure of intereste Of 6L simple esters submitted,
which violate the condition of polyfunocticnality, only on¢ wus rwpcllont,
an average ¢f 0.2%, Of the remaining groups thut rere trizd kcto-cstcrs
wer: in gencrul not <ffeotive, while umine-estors, especiully of the
glycine type, indicuted some promisce ’

A tabulation of all repcllent compounds submitted has been included
in Table Vo, It will be recalled that repellents are all oompounds whose
average value agalnst Asdes is greater than 179 or vhose average value
against Anopheles 18 greater then 119 or whose value on oloth 18 better
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than 10 days. Somc oompounds are -inoluded whose later tests indicate -~
that they are not repellents, They are inoluded in order to report
*paired-test " data which are availables ' It will be: noticed that the
aotivity shown’ against Anopheles, end the total amounts submitted are
included. The toxicity data refer to moute toxioity tests gnd ure the
same a8 those shown in an ecarlier tubles Paired test dutu are inoluded

as a ratio and the value of the ratio is also given. In soms ocuses

Puired test date available from different samples aure inoluded separately.
In the ouse of oloth tests the velue is given &n days; small d indiocates
days. The struoturgs are inoluded to facilitate visual compatison of the
datas The values given under repellent time show the mumber of .tests,

end the average repellenoy. .The range is inoluded in Table VII.
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HESTRICTED

INSECT REFELLENGY TESTING DATA

A listing has been prepured of ull compounds submitted for
testing from this laboratory. The compounds are subdivided by frunotionul
groups the order of the present oard index being followede The compounds
are arranged within the groups into clusscs of similur types in the order
of inoreasing complexity so that rupid oomparisqp mey be mudu of the duta..
Liquid compounds were tested aguinst Acdes aegypti and Anophelcs yucdri-
maoulatus; the data are reported as numbur of tests, total range and
average repellency in minutes. Solids and irritant liyulds were tested on
ootton hose; the values in days to the first bite are reoorded.

All oandidates were first submitted to the Pure Food and Drug
Adninistration for preliminary irriteanoy tests. These tests were
oonducted on the intact skin of rebbits; reedings were taken at intervals
WP to 24 hours. An arbitrary scheme for evaluation, desoribed in reports
from that laboratory, was devised in which L points was alloted for endema
and 4 points for erythema, giving a possible maximum of 8 points to any one
compound. The indioces, their eorresponding irritaetion signifiocance, and
their use recommendeations are listed in the following table:

Table VXY
Evaluation of Irritation Indices

_Seore Irritation Evalusticn
0-3 Mild Passed

3 =6 ' Moderate EFassed

6 -7 Severe Caution

78 . Severe Not passed

These tests were begun in Oeotober, 19L4 and all compounds submitted since
" that time are reported with an irritation index. Some ocompounds proved
irritant to the teust individual at Orlando and are indioeated by a I in
the appropriate column. The index of refraection and boiling point are
inoluded as an aid in establishing the identity and purity of the sample.
The numbers under "method of preparation" refer to oorres,ronding seotions
in the experimental part..
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The Naval Kedioal Research Institute has reported the f‘ollowing
average repellent times of several of our repellent oompcunds under
. sweating conditions (90° F. dry bulb, 30° F. wet buld). Two tests were .
run in euch case against Acdes asgypti.

Table VIII

Repellents under Sweating Conditions
. S . Ayerage
“ i ". Repellent bime

~ Neme mh & iweuttng _Norlul

Cyolohemeoarbnxyno aoid, l-hydroxy-o . :
oyolopentyl euter . .. Lo 1"7-. : 288 -

1, 5~Pent anediol, dipropionnte . Lo 92

Suooinamio acid, N, N-diethyl-. propyl eater 84

Suooinamio aoid, N.N-diethyl- propyl eater 147

Hydraorylie acid, (s-phenylf_. ethyl ester ' 37
Hydraorylio acid, ﬁ-phenyl-. othyl estor 159

Suocinamic acid, N.N-diprop(yl-. ethyl
ester 0 .16

1,3=Cyo lolgéxmediol. mcmoprc.:‘pioqute
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" EXPERIMENTAL .

The . methodl are reoorded anly in outline fbrmt the axaot equip-
ment end teohn1Que used is omttteds The order of presentation is that
oocurring in Table VII. When ocompounds have been prepaxed by the game
general prooedure, they have been assighcd identiocel preparation numbers.
The equipment used was that ordinarily available in a wellwequipped labore .
atory; the techniques employed were standard methods.

. The large scale proparations were in general handled in several
portions; the largest contuiners were a 17~l. flask and « 30~1, battery

Jar. Referenoes have been {noluded with the desoriptive material. FPhysical

constants are reported in Table VII. and average yields are indicated in

most cases. : -

<

1. These 6ompounds were obtained from steok and Judged to be
lurrioiently pure for testing. . : ..

2+ These hydroocarbons were obtained as by~products .in the
.reaction between benzylmagnesium chloride and formaldehyde (Tiffeneuu.
Compt. Rendu, 137, 574 (1903); Gilman, J. Am. Chem. Poc., 56, 1127 (1934)).
Bibenzyl was subsequently obtained from the Eastman Kodak Company.

3¢ 1,1-Diphenylethylenc was prepared from phenylmagnesium bromide
and ethyl ecetate as desorided in "Organic Syntheses", John Wiley #nd Sons,
‘Ne Yo Ce (19‘}1). Coll. Vol. I, p. 2?60 "8 5 8 .

. 4. These alkyl hydrogeq succinates and glutarates were prepared
by heating the anhydride (1 mole) and the appropriate aloohol (1.2 moles)
under reflux at a bath temperature 20-30° above the boiling of the aloohol.
. Heating was oontinued for twenty to thirty minutes after tha refluxing had
subsided end the product was then purified by distilletion .(yield 85-95
percent)e A "Glascol” mantle was found to serve as a oonvenient heating
anit, partioularly. in the large runs in whioh a 17-1. flask was used. In
this osase the ocourse of tho recaotion was followed by plaving a thermometer
in the reaotion mixture which :should be oocasionally shaken or stirred.

t was. found that a sufficiently pure produot was obtained by mcrely
removing the-exosss aloohol from the reaction mixture by distillation in
vacuo. .

5S¢ The half e¢sters of udipic acid were prepared from the diester,
the aoid, and the requisite aloohol according to the direotions of
'Qrguzio Syntheses, * John Wiley and Sops, Ne Y. C.. (1943),.Coll, Vol.:II,
Pe 276,

i 6. The alkyl hydrogen phthalates were prepared from the anhydride,
the aloohol and pyridine by a modification of the proccdure desoribded in

*Organic Rewotions, * Vol. II, 401 (1944) (of. Goggans und Copenhaver. Je

An. Chems doo., 61, 2909 (1939)).
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7. These compounds were prepared by adding the aoyl ohloride
dropwise to a mixture-of the appropriate hydroxy compound, sone inert .
solvent such as benzene, ether or ohloroform and sufficient pyridine
to combine with the hydrogen ohloride formed im the reaotion (Blaise,
Bull. Soos Chim, (4), 15, 668 (1914))s In the oase of glyool monoesters
about 75 peroent. of the theorstioal quentity of aoid halide was used,
the yields of monoester were 50-60 percent,

: 8. o-Ethoxybenzoio acid was preparcd from the sodium salt of
ethyl salioylate and ethyl iodide., The resultant ethyl ethoxybeqzoate was
saponified, the free soid being liberated by moidifioation.

*

9+ The ¥ ~hydroxy acids were obtainecd by adding oonogntrated
hydroohloric moid to a stirred, cooled mixture of ether, sodium oyanide
and the reyuisite oarbonyl oompound at such a rate that the temperature did
not rise above .0~5° C. The ther was removed and the oyanohydrin converted
to the aoid by heating with ooncentruted hydrochloric acid (Buohcrer,
Ber., 27, 1231 (1396));. )

. 10« Theso amide=-acids were prepared in good yield by heating
8ucoinio anhydride with the appropriate amine in benzene for four hours.
The aoids orystallized from a mixture of benzene and medium-boiling
petroleum ether, Jo Organio Chem., 6, 774 (1941). ‘

1l. Glutariec anhydride was preparcd from commecroial dim.thyl
glutarate (du Pont)} the ester was hydrolyzed by heating with oonocentrated
hydroochlorio anoid, and the moid was converted to thc anhydride by use of
acetio anhydrides Twenty-one hundred grams (60% yield) of the anhydride
was obtadned. from 4900 ge of uster (of, Org. Syn., Colle Vol. I, 91 (1941)).

) 12, The8e¢ anhydrides were: propared from the proper aoid and aoctio
anhydride es desoribed in "Orgunie Syntheses," John Wiley and Sons, N« Y. Cs
(19&1). Coll. Vol, I, pe 91, oL .

: 13+ These oompounds were made by direot esterifioation using p~~
toluenesulfonio aoid (2<4%) as catalysts The woid (1 mole), carbinol
(1¢2-3 moles), catalyst and a suitable solvent such as tenzene, toluene,’
Petroleum ether or ohloroform were heated under reflux. Tho water
Produced in the reaotion wus rembved oontinually as formed by means

of

& Dean=-Stark moisturc trap.

4. The aoid ohloride was added to a mixﬁuré of m;gnés{um. ether
-and -the appropriatec oarbinol . (Spasson, "Orgenio Synthescs, " John Wiley end
Sons, N. Y. C. (1940), Vol. 20, p. 21). )

15. This mcthyl estor was made by dircot esterificution using
oonoentratcd sulfuric uoid es outelyst (Purdie and warshall, J. Chem. Soc.

59, 476 (1891)),

1l6. Several csturs were proparcd by trewting an anhydride with
tho reyuisite alcohol in bunzoene. This procudurc was neoessary to avoid
polymerization whioh ocourrcd when dircot vsterifioation employing en uoid
ocatulyst was attemptede
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.17« These oompounds were prepared by heating the glycol or
amino=aloohol with the appropriate anhydride in toluene solution under
reflux for several hours; the recaotion was vigorously exothormio at
reflux temperature.

IB. These compounds were Prepared by heating the glycol or

aminoaloochol (1 mole) with 99% formic acid (2 moles) for several hours;

the produot was isolated by distillation. The yields were 50-95%.

-19. A solution of the chloroformate and excess ocarbinol was
boiled for several hours.

20« Phenol e¢sters were prepared by. adding the oalculated emount

of anhydride to a ocooled, stirred solution of the phenol in a.queoua potassium

hydroxide (of . Chattaway, J. Chems Soco., 19 31, 21;95). .

. 2l. A suspension of the phos gene~pyridine ocomplex in toluene was
‘treated with an eyuivalent amount of the requisite pheno}l (RabJohn. Orge.
Syns, to be published).

22, These oompounds Were obtained by transesteririoution using
‘petoluenesulfonic aoid as the outalyst.

.23, The nlaotone of of-hydroxy-Qf=methylglutaric aoid was

. prepared from levulinio woid and hydrogen oyenide by the method of Blook

Krcokler end Toliens, Ann.,, 238, 288 (1387)s The propyl estor was pre-
parcd by direoct esterificetion as desoribed in Prep. Method 18%.

: 24 This oster was propared by heating the woid with methanolio
hydrogen chloride.

) 25. These esters were obto.ined i.n good yield by treating a

' ohloroform-ethc.r solution of the. alkyl hydrogen phthalate with diazomethans.

964 Furfuryl furoate was prej:ared by adding ?-furaldechyde to a
boiling solution of sodium furfuryloxide, furfuryl alcohol and benzene
(Neilson. J. b, Chem. soo.. 66, 1230 (1944)).

.. .27y Vanillic aeid was prepared from venillin through the oxime.
The oxime was dchydreted with wootic anhydride und the resulting acetate
of vanillonitrile wus hydrolyzcd (Reiford end Potter, Je Ams Chem. Soc.
59, 1683 (1933)). An attempt to prepare the ucid by permenganate oxidation
of vanillin wus unsuccussgful,. The u0id was vsterified dircotly (Prep.

.UbthOd ;3 ) )

28. These cyclic ketals, acetals and dioxolanones were pruparcd by
hout ing a mixture of the ourbonyl compound, the dihyaroxy compound, tenzene
and a trace of p-tolucnusulfonio ucid a8 cutalyst. The wuter produced in
the rcuction wus rumoved continuously us formed by uzeotropioc distilletion
by moans of a Dean=Sturk moisture trap (Salmi und Pohjohluinen, ber,, 12
798 (1939)).
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7 29, Conocentrated sulfuric acid was added to a stirred and
cooled mixture of the appropriste dihydroxy and carbonyl compounds
(Konigsberger, Ber., 56, .2107 (1923)).

30, 9Yodium sults of the indioatcd aoids wore heated under roflux
in aloohol solution with ohloroacetone or methyl bromoacetate for several
hours (Brever and Zincke, Ber., 13, 635 (1880))s The yield was 50-60
peroent ¢ . : : )

: 31. These pyruvetes were prepared by direot esterification as
in Prepe Mothod 13 except that no cutalyst was used.

32. These beta~-ketoesters were prepared by transesterification
without a catalyste. The ethyl ester (1¢5~2:0 moles) was heated with the
requisite ocarbinol (1.0 mole) at 160° until the ethyl aloohol formed in
the reuction had becn completecly removeds The product was then purified
by fractional distillation at reduced pressure (Bacon, Am: Cheme J«y 33,

79 (1905)).

33+ Diethyl alkylidene=bis acetoacetates were preparcd by
oondensing aldchydes with ethyl acetoucetute in the presence of pyridine.
The orude bis~esters were then heated under reflux with acetic aoid
containing catalytic amounts of sulfuric acid. Tho resulting ethyl 6-
ulkyl=p~methyl~§-oxo~>=0yolohexcne~l=carboxylutes were obtaincd in 40-50
percent overall yields (Horning, Denekas end Field, J. Org. Chem., 9, 547

(19hh)2o

34. Dicthyl diacetosuccinste was obtained by the condensation of
- sodioacetoacetic ester by means of iodine (Kmorr, Ann., 306, 333 (1899)).

35+ Diethyl a:mxopimelate was prepared by the simultaneous hydratio
ard esterification of 2~furanacrylic acid with ethanolic Hydrogen ohloride
(Marokwald, Ber., 20, 2311 (1887)). ' '

36+, These compounds were prepared by direct esterifioation as
desoribed in Prep. Method 13 using a large excess of glycol,

37+ These ethyl 2-alkyl=-3~hydroxybutyrates were ‘prepared by the
hydrogenation of the corresponding acetoacetates over Raney niockel in
aloohol at 125-150° C. (Adkins, Connor and Cramer, J, Ams Chem. Socs,
52, 5192 (1932)).

38, These ﬁa-hydroxyesters were prepared by the method of”

- Refarmatsky from the appropriate @f -bromoesters and carbonyl compounds
(Shriner, "Orgenic Peactions,* John ¥iley and Sons, . Y. Cs (1942), Vol. I,
PP+ 16, 17)¢ Turnings of a ocopper-zinc alloy (92% Zn - 8% Cu) were used

- instead of the more customary forms of ginc.

39. This compound wes preparcd by heating propionioc acid (C.25 mole),
styrene oxide (0.30 mole) and benzene under reflux overnight. The unohanged
acld was extracted with dilute sodium oarbonate solution and the product
purified by distillation. Yield 30%, Sapons Ejuives Calo'd 194, Found 203.
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' 40. These glyool monoesters were prepared in 50-60 percent yields
by adding about 754 of the theoreticel yuantity of enhydride to the glycol
in toluene solution and bringing the mixture to a boil.

41. This glycol moncester prepared according to Method 7 was
1solated by seleotive extraction. This procedure was reguired in order
to free¢ the product from diester, elways a contaminent; distillation is
"not upplicstle because of similar boiling points. The monoester wus freed
from glyocol by washing with a small amount of wuter and from diester ty
. troating the residue with 4 large quantity of water, sufficient to dissolve
the monoester, and then extraoting the diester with’ ether. The monoester
was reoovered by saturating the aqueous solution with salt followed by
ohloroform extraotion, yield 46%. Sapon-Equiv: Cale'd. 172; Found, 179, 181.

.42+, Fropionyl ohloride (1 mele) wes added with stirring to a
mixture of glycol (1 mole), pyridine (1.5 moles) and chloroform at 10°.
ThHe ohloroform and pyridine were removed by.distillation in vacuos The
residue wus dissolved ih chloroform and washed with dilute hydroehlorio
‘acid until &oid'to’litmus .ahd then with water until neutral. The chloro-
form was removed and the residue was extreoted four or five times with
eyual volymss of low-boiling petroleum ether at ~60°. Essentially pure
" monvester was ‘obtained upon distillation of the residue. Ssleotive

.. extraotions wes lecessary to sepurate the mono~ from the dioster us they

toil at about the same temperature and fractional distillation is not
applicable. _ . -

‘43« 1,4~Cyclohexanediol dipropionate was partially hydrolyzed
with potassium’hydrokidé ih 50 peroent aloohol (37% yiéld). This pro-
cedure 15 based on that of Aldersley, Burkhardt, Gillam und Hindley, Y.

Chem- bOO-, 19 QO, 10,

b4e The arpropriate ohlorohydroxyestor (prrepared by application
of Prepe Me¢thods 9 and 13 to ohloroaoetone) Wus hented with freshly fused
sodium aoctate at 190-200%; the produdt was extrasted with ethor, washed
and distilled. Yield 75 percent (Fournewu and Tiffencau, Eull. Soos Chim.,

), 18, 22(1914)).

L5.° Commetoial borneol (1 melb), ethyl orthoformute (> moles)
and a trace of p-tolusnesuifonic ecid wers distilled at atmospherie pressure
to yleld the theorotical quantity of alecohol, , The residue was distilled in
vaouo without removel bf the ocatalyst (55% yicld).

46. A mixture of the appropriute othyl ‘orthesster (1 mole),
ourbinol (6 molus) und a truce of p-toluenesulfcnic ucid wus heutcd until-the
theoretical quuntity of uloohol hed distillods The residue was fruotionally
distilled in wuouo witHout romoval of> the catalyst. The yicld was 60-35
poroent. '

47. To a solution of bungotricrloride in an oyuul volume of dry
propanol ut 1009, a solution of sodium propoxide (107 excess) in wbout 23
purts of propyl ulochol wus addud dropwisee The trick pusts wus diluted with
bunzene and filtered. The product wus purificd by distillationi yicld 60
percent (ofe Fost, "Chemistry of Alliphutic Orthoesters", Reinhold
Fublishing Co., N. Y. C, (1943), p. 17).
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48. This ocompound was prepared by the aotion of wlooholio
hydrogen ohloride on aorolein; 25% yield (Pingert, Org. Syn., to be
published).

-

49. These acctals or ketals wers prepared by trensacetalization.
The acetal or ketal (1 mole), the hydroxy oompound (»-3 moles) or carbemyl
. compound and a trace of p-toluenesulfonic acid were heated until a
theoretical quantity of the replsced compound had distilled (80-90% ylelds).

50, These acetals were prepared by heating a mixture of the
oarbonyl compcund, ethyl orthoformate, absclute alochocl end a truce of
P-toluencsulfonio acid under reflux for 3 - 10 minutes end neutralizing
the catalyst with calcium oartonute (Feuly, Ann., 383, 230 (1911)).
The yields were 50-90 psrcent.

51« A mixture of s¥yrene oxide (1 mole) and the ocarbinol
(7 - 10 moles) in which a small amount of sodium had been dissolved were
. heated under reflux overnight. After washing, the produot was purified
by distillation (yield 60-80 percent) (of. Emerson, J. Am, Chems S00., 67,

516 (1945)).

52« These oompounds were prepared by the catalytic hydrogenation
of 4=(2=furyl)-3-butene-2-one (Adkins and Burdiok, J. Ams Chem. Sco., 86,
438 (1934)).

- 53+ 4=(2=Furyl)=3-butenc=2-cne was prepared from acctone end
?=-furaldéhyde by a Claisen type oondensation ("Organioc Syntheses," John
Wiley and Sons, N. Y. Co (1941), Coll. Vol. I, pe 583).

. Sh. This acyloin was prepared ty adding ethyl oaprogte to a
stirred mixture of powdered sodium und absolute ether at suoch a rate
that the mixture rofluxed rapidly. This synthesis is based on the
prepsration of butyroin as desoribed in "Organic Synthesos, ¥ John Wiley
and Sons, N. Y, C, (19L3). Coll, Vol. II, p, ‘114 The yield was 50-60
pureonte

55. These oompounds were prepered by ohdtulytio hydrogenation
using Raney nickel at 1259 and 1500 lbs. pressure (Adkina. 'keaotions of
Hydrogen*, .Wisconsin Press, (1937). Pe 50). .

56, These X 14d)~glycols were prepared by hydrogenolysis of the
oorrcsponding digstors using copper-shromite outalyst (Adkins and Wojoik,
Je Ams Cheme Soc,, Si' u939 (1933))0 .

L]
57+ 3,4-Disthyl=3,l~hexanediol wus prepured from diethyl ketone
by a bimolcoular reduction (*Orgenic Syntheses,® John Wiley and dons,
M. Yo Co (1941), Coll, Vol, I, pe 459). ;

58+« N, N-Disthylbutyramide was prepared by heating mcthyl

butyrate (40 ge) and diethylumine (30 ge¢) in a bomb at 200-210° for twe
deys (Adkins, J¢ Ame Chem. doo., 56, 2419 (1934)),
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59+ These N=substituted imides were preparcd by adding the appropri-
ate amine to a 0old benzene solution of phthalic anhydride or succinic
anhydride. The benzene was removed and the amide hcated. to 200° for
thirty minutes to effect oyolization. The phthalimide was distilled under
roduced pressure (70-75% ylelds). 5 0

60+, Cyclohexenc was slowly added to a stirred solution of
peracctio’ aoid in moctio acid (Scanlan and Swern, J. Ams Cheme Soc., 62,
2305 (1940))« The temperaturs spontaneously rose to 60 and the reastiocn
mixturé was hcated for one-half hour more at 85°. After standing for
sixty hours at room temp.rature the solution was warmed to 60-70° for one
hour and pourcd into water. Sodium oarbonate was added until the solution
was alkaline, and thu mixture was extracted with chloroforme After
romoval of the solvent, the product was distillede The yicld was 23 poroent.

6l The ester=-mcid chloride (1 mole) (see_below) was added

" dropwise over a period of several hours to a well-stirred mixture of the
amine (2.2 molos) and approximatuly two volumes of dry ether at 0°.

Ethor and bsnzene were added to the reaction mixture whioh was then
washed with dilutc acid, dilute sodium oarbonate solution and cold brine.
After drying over amhydrous magnesium sulfate and removal of the solvent,
the product was distilleds Ocecasionally the product was contaminet.d
with a small amount of a white solid which came over in the wurly part of
the distillation and appsared to be the amine hydrochloride., This wes
rémoved by filtration. The yicld was 70 te 8% purecent,

Svveral sucoinamutes werc originally preparcd by direot
scterification of the corresponding succinamic acid (Prep. Mcothod 10);
however, the yi.1ds werc very poor, probably due to .alooholysis of the
amidc group, and a better mothod was sought. This consisted in prepering
the half-vster of the uppropriete acid (Prepe Mcthod 4), oconverting it to
en ustor-ucid chlorids and condensing the acid chloride with un amine.

. The vster-aoid ohloridc wcre conveniently prepaured by gdding phosphorus
pentaohloride (1.02 moles) with occusional swirling over & puriod of
10 - 30 minutes to tho ester uoid (1 mole)e. This operution wes ourriud
out in a hood. 'The phosphorus oxychlorids formed in thu reaction was

then removed by distilletion in vacuo; thu bath temperature not buing
allowed to risc ubove 80°. The orude uoi: chloride wus used without
further purificatione In the ocss of mono-seo-tutyl suceinate the
product docomposed when phosphorus pontachloride was ad.cd und thionyl
chloridu (2 moles) wus uscd instcad. The use of thionyl chloride was

in  eneral avoided us the finwl product (umideu-sster) oceusionally hud an
. objLetionubly odor, ulthough it possesscd the same refractiye index us
matoriul preparud by usu of phosphorus pentuchloride.

(2. The sster-acid ohloride (1 molc) wus ud-.cd dropwise at a
raute such thet the tempersuturc did not rise wbove 5° to a well-stirred
mixture of the umine (l.2 moles), 20~25 percent potussium hydroxide
solution (1 mols) und some ecther at 0° The luyers wore sepuruted, the
uqusous purt extruoted once with e¢thsr und the combined wthereul portions
were wushud with dilute wcid, dilutc wlkuli und cold brines, After drying
over anhydrous mugnesium sulf'ate aund r-movul of the solvent, the product
wus distilled. Yicld 60 to 85 percent of theory. As in Prer, wcthod 61
u whitc s0lid ocousionully cume over in the carly purt of the distillation.
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63+ Ethyl hydrogen Maleate (geometric configuration not certuin)
was prepared by the method of Shiclds (J. .Chem. Soos, 59, 740 (1891)).
The maleumic acids were then prepured as dosoribud in Prep. method 61.
Ethyl hydrogen maleute proved:to bo very unstable when e¢fforts were mude
to prepure it mocording to the directions jin Prep. Method 4+ When the
product obtained by warming muleie unhydride (1 mole) and ethyl aloohol
Q1 mole) was direotly treated with phosphorus pentachloride (1 mole) und
the amide prepared -immediately accordin, to Prep, kethod 61, veriable
results were obtained. In one pase the- yield was 70 percent.

64, These compounds vere ptepared by heating a mixture of

potassium succinimide, the proper heloester end butanol (Clemo and
: Ramagey J. Chem. Sods 1 11. u9). The yield was 69 percent .

65+ The 'r;laotone of o ~hydroxy- -methylglutario acid (Prep.’
uwethod 23) was oonverted to the aoid chloride with phosphorus penta-
ohloride. 'The' ecid chloride wae then oondensed with the appropriate amine
(Preps kiethod 61)« The yield was - 60-70 peroent.
) 66. Lolar quantities of primary alkyl amine and ﬂg-keto diester
were allowed to stand with a small amount of methanol for three daysi
the aqueous luyer was separated and the product distilled. The yields
varied from 60 to 80 percent (Sauer and Adkins, J. Ame Chems S00.," 68,
4o6 (1938)). - o '

67. These compounds were made from the appropriate amines and
ohloroformates essentially as desoribed in Prep. kethod 62« The yield
was 8% percent." . .

63. the necessary sodtum alkoiide in an exce§s of the aléchol
was added sradually to a molar yuantity of‘:dL-thoro-N N-diethylaoetamide

(se'e_'be_;low In the ouse of @ -cyclohexoxy=N, N-di(—.thylaeetamide dioxense
was used as-a Solvent§ the yiclds were 64-67%, The proocedurs 1s based ¢
on that of Fratt and Robinson. J+ Cheme- 6oc., 19?5. 163

ol-talo-N, N-dialkylaoetamidus WeTe prepared in 70 to 8C
percent yicld by addin; the amine (1 mole/ slowly to a ell-stirred ‘solution
of the haloaoid hulide (1 mole) in abs.-lute vther at -2C to -10%,

69. Diketane was udded to the indiocated amine in aqueous solution
or suspension at C ~ 20° (30-90% yields) (Boese, Ind. Enge Chem., 32, 16
(1940))s Dikstene was preparcd by passing ucetone over & hot filament
(Hurd, "Orgunic Synthesus,” John Wiley end Sons, %, Y. Co (1941), Vol. 21,
Fe 6l4) and ullowing the ketene to dimerize.

70. lovulinyl ohloride was rrepared in 5% perOant yield by the
uotion of thionyl chloride on the acid in chloroform at 0° (Clemc and
Famage, Jo Cheme Soce, 1931, 54)s The amides were prepured from the
acid ohloride und cxcess uminc as in Frops dethod 61,

71, N,F<Dipropyllcvulinamide (Prefp. method 70) ms reduced with
aluminum isoprcpoxidu in icopropuncl by stendard proozdures (35 percent
Yicld) ("ilds, "Orguric Feuctions," John “iluy and Soms, N.Y.C. (19L4),
Tole 2, Fo 203)e
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72.  These {B'hydroxytmides were rrepared in 34 to 62% ylelds
from the uppropriate oarbonyl oompounds and @{=hulo-N,N=-dialkylacetamides
(Frep. Mcthod 63) by stendard Reformatsky prooedures (Prep. Method 38).
As was cxpeoted the bromoamides.gave more satisfaotory results.then the
oorrcsponding ohloroamides. Beocause the use of bromoamides in the
Reformatsky type rewotion is not mentioned in the lutcst review which
hus come to our attention (Shriner, "Orgunio Reaotions," Vol. I, ps 17,
John %iley and Sons, N. Y, C. (1942)) the following hydroxyumides were
redistilled and submitted for enalysis (Miss E. “‘erble, this luboratory)s:

Valeramide, 3-hydroxy~3-methyl=-N,N-dipropyl~
Calo'd for C,oHagNOy¢ C, 66.983 H, 11.6

% - Found: C, 66.26; H, 11.}4
.o 66.17 .- 11.5

Caproamide, N,N-diethyl-3~hydroxy-3-methyl-
Calo!d for CuH“NCax C» 65067‘ H, 110‘].
Found: C, 6’].091; H' 1009
64.81 11.0

Cyolohexancaoetamide, N ,N-diecthyl-l-hydroxy-
Calo'd for C,aHagNOa¢ C, 67.57: H, 10.37; N, 6.57
Found: C, 6608’}; H, 10.40; N, 6053
66494 10.55 6.60

Cyolohsxeneacetamide, l~hydroxy=-N,N-diisopropyl=~
Calo'd for C, Hg,M0n: C, 69.71i H, 11.2
Found: C, 69.43; H, 10.8
59.43 10.8

Hydracrylamide, ¥,N-di.thyl- ﬂ-phenyl-
Culo'd for Cy4H,oNO,: C, 70.59; b, 8.60
Found: €, 69.29: H, 8.16
69.35 7.73

73« These N,N-disubstituted glycine usters were prepared by
adding the requisite bromoester to two moles of the scoondury amine at O
(80% yislds) (V. Braun, Ber., 40, 3941 (1907)).

74e This group of substituted glyoine esters was prepared by
udding the indicatcd primury amine to onv moles of the necessary bromoester
at 0° (Alpern und *eigmunn, J. Chem. Soc., 1911, 36). The yiclds were
30-40 puroent.

75« The appropriate hydroxyamine was refluxed with sodium ohloro=-
acctute in aqueous solution for scven hours. After removul of the water
by distillution in vaocuo the residuc was distilled (60% yic1d) (Chems Abs.,
34, 1023 (194¢)),

76+ . Thesu eminocsters were propared by treeting the potussium

dorivatives of pyrrole with the proper bromoestur as duscribed by Sohl und
Shriner (J+ Ame Chems Soc., §3, 4163 1931))s The yiclds were 25=45%s
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) 77. . FPhenylethylene oxide was heated under reflux with a slight
. ?xoeu of the appropriste amine (bmerson. Jo Am: Chem. Soo.. 6 v 516
: 19&5))- , '

7. This oxime (Kling. Ann.. Chtm. Phys., (8), 5, 481 (1905)) was
prepared in 80 percent yield from acetal acetate by the method of Fuokel
and Loohs (Ahn., 498, 162 (19"12)) The. produot was extraoted with :ther
and diﬂtilledo . L . e e o o ’

: 79. Benzenesulfonyl ohloride Wu8 treafed with methenol and
alka.li aooording to standard prooedure-, the y.ield was about 50 percent.

30, Tetrwnethyl tetrathioorthooarbonate was propared from S-
mothylisothiourea’ sul!‘ate sccording to the direotions of baoker und
Stedhouder (Rec, Trave Chim., 52 926 (1933))-

81. This orthooarbonate wag mq.de by tn6 aotion of chloropiorin
on sodium 2-mathoiqethoxide (38% yield) (Bartel, Bar.. 60, 1841 (1927)).
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AFPPENDIX
Prepared by W. J, Shenk, Jr.

A statistical analysis by funotional groups of all the compounds"
in our oard index as of Fetruary 15, 1945, which have average repellenocy
times of botter than 180 minutes (or ten days in the ocase of oloth test)
to the first bite against Aedes asgypti or 170 minutes against Anopholes
qQuadrimaculutus heas been made. The compounds which meet the above reyuire=
ments are hereinafter referrcd to simply us repellent compounds, all
others being claussed as non~repellent. All of the esters of Group IV of
the classification system were similarly analyzed.

The analyscs huve the veoaknesses of statistical snalyses in general
but we belicve that when oompleted they will give an illuminuting survey
of the types of compounds tried und not tried and of the ohances of obtain-
ing a repellent by muking a ocrtuin type of compound.

Analysis of Repellent Compounds :

The repcllent compounds were extracted from our ourd index of the
testing results obtalned at Urlandos As in the ourd index, the compounds
woru separated ucoording to molcoulur struoture into the ten ohief groups
ligted in the loft hand ocolumn of Table IX. It is important to note that
in olassifying poly functionaul compounds the following order of group
prefercnoce wus arbitrerily assigned: X, vIII, IX, I, II, III, IV, V, VI,
VII, Thus an umide-ester is in group VIII-a und not pgroup IV. The oom-
pounds in euch ohiuf group woere then analyzed for the following funotional
groups; oyolo (any cyclio structure),. hydroxyl, c¢ther, ester and kstone.
The results of the above unulysis are summurized in Tutloe IX.

The first oolumn of figures in Table IX gives the number of
repellent compounds in the ohiuf groupsi the total numter is 227. The
columns of figures under the hcudings eyclio, hydroxyl, cth.r,.ester and
ketone give tho number of oompounds in the ohicf group whioh contuin one
or more of the indicated funotional groups. It is to bo noted that when
ths column hecding is the sazme funotional group as that of the ohicf group,
the figure given indicutes the number of compounds contuining two or more
of suoh groupss Thus, if Group V (etturs) is under consideration, the
figures reuding from left to right duenote thut of the 44 repellent ethers
37 contain one or more cyolo groups, 3C on¢ or morc hydroxyl groups, 17
two or mor. cther groups and 6 on. or more kctons groupss The blank in the
vSter oolumn urises from the fuoct thut cthur=ustirs ure clussificd in CGroup
IV (cstcers) in uccordence with the order of prufurence rulce

The columns ure then summed up, but in order to obtuin the total
‘number of compounds contuining one or mor. functional groups of u given
kind, the number of compounds in the chiuf functiornul groups which were
not included in the column rust be addcd. IThus to ob uin the totul numb r
of reprollent compounds which contuin onc or more wther groups, 27 must be
udded to the totul of 63 ut the bottom of the cther column, buoauss only
17 of the 4l Group V cthers ure rejiresented in this oolumn,
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89.

Under the heading of Number of Groups Present, the number of
ocompounds 1n each chief group having a total irrespective of kind of
one, two, or three or more functional groups is tabulated« In the thr.e
or more olassificution the great majority have three functional groups.
The last two columns reoord the uverage molecular weight and the molecular
weight renge of cach of the ohiif groups respsctively. It 1s to be noted
that the moleculur weight range is considerably shortened when the middle
ninety percent of the compoutids In u chief group are considcred. Thus,
the raenge of Group IV is shortencd from 145-284 to 175-245.

In the lust row the fractions of the 227 repellent compounds
having the indicated properties are list:d in percents. However, in
order to evaluate these findings it is necessary to make a comparison
between the rupellent and the corresponding non-repellent compounds, theat
is to suy to determine what percentape of the non-repellent compounds
huve eyclo groups etce As a-start suoh a comparison was made in the cease
of uroup 1V esterse.

alysis of Grou Iv:

A total of 763 Group IV esters have been tested; of these, 70
or 9.2 peroent are repellent.

Of the 70 repellent'esters él4 or 22 percent fall in the molecular
woight ran_e 175-249, whereas only 399 or 52 purcent of all esters tried
fall in this range.

Or looking at it another way, of the 399 esters in the molecular
woight range 175-249, 6L or 16 peroent are repsllent. Thus by limiting
molecular weight to a range gr 175-249 the chances of making e repcllent
ester will be inoreased from;9.2 to .16 percent or by 18 percents Therefore,
molecular weight* is 1mportaﬂt.

Group IV Esters in the Molooular e ight Range 175-249

A comparison between repellent and non-repellent esters with
moleculur weights in the range 175-249 is presonted in Taetle X« The first
column of figures gives the number of repollent and non-repellent ostors
in Group IV which fall in the mol.oulur weight range of 175=-949 -und finally
at the bottom the purcuntupre of the totel numbter tested which are repellente
Thé next soven eolumns tabulate the numbers and percentagss of the
repellent end non-rupsllunt compounds which contain one or more of the
indicatcd groups with the oxoejption of the ester column which denotes di-
esturs. The lust throe columns give the numbers of ropcllent and non-
repelleont compounds whieh contain one, two, or three or mors functional
proulse

+Actually we belicve that the vupor prossure of the compound at 37° C.
is the importent fuctor and havs merely used moleoular weight by way of a
oruds appyroximation of vepor pressure.
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91.

By oomparing the various peroentages in the bottom row with the
16 peroent average value, it can be seen that the presence of oyolo,
hydroxyl, and sther groups enhanocs the ohances that a Group IV ester
oundidate will be repellent. It oan be further seen that the presence of
a scoond ester group halves the chances of obtaining a repsllent. Of
partioul r significenoce is the faot that 56 or 87.4 percent of the repellent
esturs in Group IV whioh fall in the moleoular weight range 175-249 possess
three or more funotional groups, whereas only 216 or 54 peroent of all esters
in this category have this number. Also of the 216 esters containing three
or more¢ proups 56 or 26 peroent are repellent. Thus by choosing only esters
whioh huve moleculur weights in the range 175-249 and possess three or more
funotional groups, the chanoces that a oandidate ester will be repesllent have
inoreased from 3.2 to 26 peroent, an inorease of 133 peroent. The importance
of the presencv of three or more funotional groups is further emphasized by
the faot that only 4.7 peroent of the difunctional oompounds tried were
regellont.

Group IV Esters in the Moleoular Welght Range 175~
and Possossing Three or re Funotional Groups!

A oomparison between the repellent and the non-repellent esters
which have moleculur weights in the range 175-249 and oontain three or
more funotional groups is presented in Teble XI«. This table was oompiled
in fashion similar to that desoribed for Table X.

By oomparing the various percentages in the bottom row with the
26 porcont average for all oompounds in this oategory the striking effeot
of the pruscnce of a hydroxyl oun be secn, for it has inoreased the ohanoce
thet u oundidaty will be a repellent from 26 to 56 percent or by 115
poreents Bowever, enough compounds of this typs have not been tried to
muke the result statisticully significant.

Bcoause of the unusual showing of the hydroxyl group in Table XT
a oompurison between ropecllent and non-repellent hydroxy-esters in. the
moleculur weight range 175-249 was made and 1s precsentod in Table XIT.
This tuble was aguin oompiled in fashion similar to that desoribud for
Tu'ble x'

In Table XII it is noted thut the hydroxyl group has a marked
effuot on repullency, particularly in cyolio oompounds; however, in
conjunotior. with an ester group alon¢ it is insufficiunt.

In general it is oonoluded thut in scleoting u cendidate ester,
the ester should huve a molsoular weight between 175+249 (preforably e
boiling point butween 80 und 120° C. &t U.5 mm.) und that it should
oontain three or more funotional groupss. Uf thess: groups the hydroxyl,
oyelo, und «ther _roups, in that order, urc notioceably btenefioial whereas
the presence of u svoond cstur group is definitely detriientuls Enough
keto-esters huve not buen prepured to wurrant any conclusions with regurd
to theme Aguin it is to te emphusized thut these oconclusions ere the
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This report conﬁlns the perlormance results of 631 o:rg'anic compmmds mixtores and creams ’
which were tested as insect repellents, Among the promising insect repellents tested after %
application to skin, 0-8133, 0-6154, 0-6168, 0~6216, 0-6290, and 0-6252 have passed acute

toxicity tests and have been submitted for 90 day subacute toxir.i.ty studies. 0-6109, 0-6152, 0-6217,
0-6226, 0-6254 and 0-6263 have passed acute toxicity tests with some reservation and were not
submitted to subacute toxicity studies. Results have led to the conclusion that in selecting 2

candidate repellent consideration should be given to boiling point and functionality. Ip.geparal

a candidate SKGUIT ha¥e 2 BOIlng point in the range of 90-130°/0,5 mm and should be polyfunctional

54% of the candidates submitted with regard to these criteria were repellent.
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